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SUPERSONIC AERODYNAMIC CHARACTERISTICS OF A SERIES OF
RELATED BODIES WITH CROSS-SECTIONAL ELLIPTICITY

By Roger H. Fournier, Bernard Spencer, Jr.,
and William A. Corlett
Langley Research Center

SUMMARY

An investigation has been made in the Langley Unitary Plan wind tunnel to determine
the supersonic aerodynamic characteristics of a series of power-law bodies and of a the-
oretical hypersonic minimum-wave-drag body of equal length and equal volume., Also
included in the investigation are the effects of altering cross-sectional ellipticity for a
given body while maintaining a constant longitudinal distribution of cross-sectional area.
The Mach number range of the investigation was 1.50 to 4.63, and the angle of attack was
varied from approximately -4° to 28° at 0° of sideslip.

Results indicate that increasing the power-body exponent for a given value of ellip-
ticity results in increases in the lift-curve slope at low angles of attack, There are only
slight effects of increasing the Mach number on the lift characteristics of the bodies
tested. Except at a Mach number of 1,50, a minimum in the variation of minimum drag
with increasing body exponent has been found at each Mach number. For all configura-
tions, increasing the Mach number results in large reductions in minimum drag. At
Mach numbers above 1.50, a maximum in the variation of the maximum lift-drag ratio
with increasing body exponent has been found. This maximum occurs in the exponent
region between 0.50 and 0.66, especially at the higher Mach numbers. For all configura-
tions, increasing the Mach number results in large increases in the maximum lift-drag
ratio. Increasing the power-body exponent results in large rearward shifts in the center
of-pressure location at all Mach numbers. Increasing the ellipticity for a given power-
law body or for the minimum-wave-drag body results in large increases in lift and in the
maximum lift-drag ratio with only slight effects on the center-of-pressure location at all
Mach numbers. A comparison of the longitudinal aerodynamic characteristics of the the-
oretical hypersonic minimum-wave-drag body with the series of power-law bodies indi-
cates that, for all values of ellipticity, the lift characteristics of this body generally fall
in the range noted for the power-law bodies with exponents of 0.50 and 0.66. The minimum
drag values for the minimum-wave-drag body are as low as or lower than those noted for
any of the power-law bodies tested, and the maximum lift-drag ratios are generally as
high as or higher than those noted for the power-law bodies.



INTRODUCTION

Extensive research related to the theoretical and experimental determination of the
aerodynamic characteristics of volumetrically efficient lifting-body configurations has been
done and is currently being done by the National Aeronautics and Space Administration
and by others. (See, for example, refs. 1to 9.) Configurations of this type may have
application as vehicles designed for hypersonic cruise or glide or for operations between
earth and near-earth orbiting laboratories. Since these missions will include a speed
range from low-subsonic to hypersonic Mach numbers, aerodynamic efficiency in maneu-

vering ability and in range control is desired at all speeds (refs. 10 and 11).

In the continuing study of simplified lifting body shapes for hypersonic flight, the
present investigation was undertaken to determine the supersonic aerodynamic charac-
teristics of a series of power-law bodies and of a theoretical body of equal length and
equal volume for minimizing zero-lift pressure drag at hypersonic speeds. The values
of exponent for the power-law bodies were 0.25, 0.50, 0.66, 0.75, and 1.00. The hyper-
sonic minimum-wave-drag shape was determined in accordance with the methods
described in references 6 and 7. For a given power-law body and for the minimum-
wave-drag body, the cross-sectional shape was altered from circular to elliptic while
maintaining a constant longitudinal distribution of cross-sectional area. Horizontal- to
vertical-axis ratios of 1.0, 2.0, and 3.0 were investigated for each of the power-law bodies
and for the minimum-wave-drag body. The transonic aerodynamic characteristics of
these models have been reported in reference 9.

The results presented herein were obtained in the Langley Unitary Plan wind tunnel
at Mach numbers from 1.50 to 4.63, through a range of angles of attack from approximately
-49 to 289 at 0° of sideslip, and at a constant Reynolds number of 5.73 X 108 (based on

model length).

SYMBOLS

The forces and moments have been computed in coefficient form with respect to the
projected planform area and length of each body. Data are referred to the stability-axis
system with the longitudinal location of the moment reference selected as 66.67 percent of
the total length, 25.00 inches (0.635 m), for each configuration. The vertical moment
reference is located on the body center line.

a semimajor (horizontal) axis of elliptic-cross-section bodies, radius for
a/b = 1.0 bodies, feet (meters)

body maximum semispan, feet (meters)



L/D
(L/D) nax

(L/D) max

(2amax)2
aspect ratio, ———

body base area, feet? (meters2)
semiminor (vertical) axis of elliptic-cross-section bodies, feet (meters)

maximum vertical height at body base, feet (meters)

drag coefficient, Drag
qS
minimum drag coefficient

minimum drag coefficient adjusted to a condition of free-stream pressure
at model base
Lift

lift coefficient, -—42=
qS

lift-curve slope measured between a = 140, through a-= 00, per degree

Pitching moment

pitching-moment coefficient,
qSl

longitudinal stability parameter measured between a = 140, through
a = 00, per degree

normal-force-curve slope measured between « = +4° through « = 0°,
per degree

pressure coefficient at base of model
total body length, inches (meters)
lift-drag ratio

maximum lift-drag ratio

maximum lift-drag ratio adjusted to a condition of free-stream pressure at
model base

free-stream Mach number



n power-body exponent

q free-stream dynamic pressure, pounds/foot2 (newtons/meter?)

S body projected planform area (see fig. 3(b)), feet2 (meters?)

Scross cross-sectional area of bodies, feet2 (metersz)

Swet wetted area of bodies (excluding base area), feet2 (meters?)

X longitudinal ordinate of bodies, feet (meters)

X0 longitudinal ordinate of moment reference point, feet (meters)
. . . 0 XO Cma

xcp/l longitudinal center-of-pressure location (¢ = 09), T o

No
a angle of attack, degrees

MODELS

The models used in this investigation consisted of 18 different body shapes and are
25.00 inches (0.635 m) in length. Details of the models are presented in figure 1. Photo-
graphs of the models are presented in figure 2. One group of bodies has circular cross
sections with a/b = 1.0 (fig. 2(a)) and two groups have elliptic cross sections with
a/b=2.0 and a/b=3.0 (figs. 2(b) and 2(c)). Body design ordinates are presented in
table I. Pertinent geometric parameters associated with each of the models are pre-

sented in figure 3.

For each group, variations in semimajor and semiminor axis ordinates were
derived from the following equations with geometric constraints imposed on the length
and on the volume:

For horizontal projection (semimajor axis)

a
a=-—22%n
n
and for vertical projection (semiminor axis)
b
b = 22X xn
n



where values of n were 0.25, 0.50, 0.66, 0.75, and 1.00. The minimum-wave-drag
bodies were determined in accordance with the methods of references 6 and 7 , Which
theoretically minimized the zero-lift pressure drag at hypersonic speeds.

TESTS AND CORRECTIONS

The investigation was performed in both the low and the high Mach number test
sections of the Langley Unitary Plan wind tunnel. The Mach numbers, stagnation pres-
sures, and stagnation temperatures were as follows:

: Stagnation

M Stagnation pressure temperature
Ib/ft2, abs kN/m2 OF oK

1.50 1530 73.26 150 338
1.90 1745 83.55 150 338
2.36 2165 103.66 150 338
2.86 2817 134.88 150 338
3.96 5294 253.48 175 352
4.63 7226 345.98 175 352

The stagnation dewpoint was maintained sufficiently low (-30° F (238° K)) to insure
that no condensation effects would be encountered in the test sections. The tests were
made through an angle-of-attack range from about -40° to 28° at a sideslip angle of 0° and
at a Reynolds number, based on body length, of 5.73 x 106. The angles of attack have
been corrected for deflection of the balance and sting due to aerodynamic load. Static
pressure measurements were taken at the model base and the data are presented as pres-
sure coefficients in figure 4. The drag results presented herein include the effect of base
pressure unless otherwise noted. Boundary-layer transition was artificially fixed with
1/16~-inch-wide (0.16 cm) circumferential bands of carborundum grains having a nominal
diameter of 0.012 inch (0.03 cm) affixed 1.0 inch (2.54 cm) behind the apex of each model.

RESULTS AND DISCUSSION

Comparisons of the basic longitudinal aerodynamic characteristics for the various
configurations are presented in figures 5 to 10 as functions of angle of attack for Mach
numbers from 1.50 to 4.63. These results are summarized in figures 11 to 14 in the form

t
of the longitudinal parameters CLa’ Cp,min Cl'),min’ (L/D) pax> (L/D)max’ and
xcp/ 1 plotted as functions of body exponent and Mach number.

Increasing the body exponent n (decreasing bluntness and increasing span) for a
given value of ellipticity results in increases in the lift-curve slope at low angles of attack
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at all Mach numbers (fig. 11(a)). The variation in lift coefficient with angle of attack for
the minimum-wave-drag body generally falls between that of the n=0.50 and n = 0.66
bodies for any ellipticity and for all Mach numbers. (See part (a) of figs. 5 to 10.)

Increasing the ellipticity for all.configurations results in large increases in the
lift~curve slope at low angles of attack at all Mach numbers (figs. 11(a) and 11(b)). This
increase in CLa is primarily due to the increasing aspect ratio associated with
increasing ellipticity. There are only slight effects of increasing the Mach number on
the lift-curve-slope characteristics for the configurations tested (fig. 11(b)).

Increasing the value of body exponent n from 0.25 to 1.00 for a given value of
ellipticity results in large continuous increases in Cp pjp at a Mach number of 1.50
(fig. 12(a)). At Mach numbers above 1.50, however, there is an increase in the value of
body exponent n at which a minimum in the CD,min variation with n occurs
(fig. 12(a)). The minimum drag level of the minimum-wave-drag body is essentially the
same as the lowest CD,min value noted for the power-law bodies for corresponding
ellipticities (fig. 12(a)). In figure 12(b), the large reductions in CD,min which occur
for each configuration tested as the Mach number is increased from 1.50 to 4.63 are
primarily due to the large decrease in base drag with increasing Mach number (indicated
by the Cp variations presented in fig. 4).

Examination of the Cl'),min curves of figure 12(c) shows that the minimum values
of C]'),min are in the range of n values between about 0.50 and 0.60 for all Mach num-
bers. Examination of the drag data results of (fig. 12(d)) shows only a small variation
in Ci),min with Mach number. Again, this indicates the sizable effects of base drag
on configurations of this type.

The effects of body exponent and Mach number on (L/D)max are presented for
configurations of varying ellipticity in figures 13(a) and 13(b). Increasing the body expo-
nent n for a given value of ellipticity indicates only slight effects on (L/D)max at the
lower test Mach number (fig. 13(a) at M = 1.50). However, as the Mach number
approaches 4.63, a maximum in the variation of (L/D)max with n occurs in the region
between n=0.50 and n=0.66 (fig. 13(a)). Large increasesin (L/D),x occur
with increasing ellipticity for all configurations tested at all Mach numbers. The
(L/D)max values noted for the minimum-wave-drag body are as high as or higher than
those noted for any of the series of power-law bodies tested for corresponding values of
ellipticity at all Mach numbers (fig. 13(a)). Increasing the Mach number (fig. 13(b))
generally results in increases in (L/D),,x for the various bodies for all values of
ellipticity, primarily due to the large reduction in base axial force with increasing Mach

numbers, as previously noted,

The (L/D)r'nax characteristics for the various configurations are presented in
figures 13(c) and 13(d) as functions of power-body exponent and of Mach number,
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respectively. The data generally indicate that the highest value of (L/D)I'nax occurs in
the region between n=0.50 and n=0.75 for all values of ellipticity and at all Mach
numbers (fig. 13(c)). The (L/D), ,, characteristics of the minimum-wave-drag body
indicate that, at the higher Mach numbers (M = 3.96 and 4.63), the values of (L/D);mlx
for these bodies are generally as high as or higher than those for any of the power-law
bodies tested. However, at the lower Mach numbers, the power-law bodies generally
have slightly higher values of (L/D);nax.

The effects of body exponent and Mach number on center-of-pressure location
(xcp/l) are shown in figures 14(a) and 14(b), respectively. A large rearward shift of
Xep /l with increasing body exponent is noted at all Mach numbers for all values of
ellipticity (fig. 14(a)). The values of xcp/l for the theoretical minimum-wave-drag
body fall between those noted for the n=0.50 and n=0.66 bodies. There are only
minor effects of increasing the ellipticity for a given power-law body or for the minimum-
wave-drag body (except for n = 0.25) at all Mach numbers (fig. 14(b)). There are little
or no effects of increasing the Mach number on the Xep /. characteristics for any con-
figuration investigated, except for the n = 0.25 power-law body.

CONCLUSIONS

An investigation has been made in the Langley Unitary Plan wind tunnel to determine
the supersonic aerodynamic characteristics of a series of power-law bodies and of a
theoretical hypersonic minimum-wave-drag body of equal length and equal volume. Also
included in the investigation are the effects of altering cross-sectional ellipticity for a
given body while maintaining a constant longitudinal distribution of cross-sectional area.
The Mach number range of the investigation was 1.50 to 4.63, and the angle of attack was
varied from approximately -40 to 280 at 0° of sideslip. The results of this investigation
can be summarized in the following observations:

1. Increasing the power-body exponent for a given value of ellipticity results in
increases in the lift-curve slope at low angles of attack. There are only slight effects of
increasing the Mach number on the lift characteristics of the bodies tested. Except at a
Mach number of 1.50, a minimum in the variation of minimum drag with increasing body
exponent has been found at each Mach number. For all configurations, increasing the
Mach number results in large reductions in minimum drag. At Mach numbers above 1.50,
a maximum in the variation of maximum lift-drag ratio with increasing body exponent has
been found. This maximum occurs in the exponent region between 0.50 and 0.66, espe~
cially at the higher Mach numbers. For all configurations, increasing the Mach number
results in large increases in the maximum lift-drag ratio. Increasing the power-body
exponent results in large rearward shifts in the center-of-pressure location at all Mach
numbers.



2. Increasing the ellipticity for a given power-law body or for the minimum-wave-
drag body results in large increases in lift and maximum lift-drag ratio with only slight
effects on the center-of-pressure location at all Mach numbers, except for the lowest

power-law body.

3. A comparison of the longitudinal aerodynamic characteristics of the theoretical
hypersonic minimum-wave-drag body with the series of power-law bodies indicates that,
for all values of ellipticity, the lift characteristics of this body generally fall in the range
noted for the power-law bodies with exponents of 0.50 and 0.66. The minimum drag values
for the minimum-wave-drag body are as low as or lower than those noted for any of the
power-law bodies tested and the maximum lift-drag ratios are generally as high as or
higher than those noted for the power-law bodies, particularly at the higher test Mach

numbers.

Langley Research Center,
National Aeronautics and Space Administration,

Langley Station, Hampton, Va., April 12, 1966.
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TABLE L.- DESIGN BODY ORDINATES

a/b =1.0 a/b =2.0
x/1
a/l a/l b/l
n=10.25
0 0 0 0
.0080 0212 .0299 .0150
.0100 .0224 .0316 0158
.0200 .0266 .0376 .0188
.0300 .0295 .0417 .0209
.0400 .0316 .0447 .0222
.0600 .0350 .0496 .0248
.1000 .0398 .0563 .0281
.1200 L0417 .0589 .0306
.2000 0473 .0669 .0335
.2800 0515 .0728 .0364
.3600 .0548 0776 .0388
.5200 .0601 .0850 .0425
.6800 .0643 .0909 .0454
.8400 .0678 .0958 .0479
1.0000 .0708 .1001 .0500
n = 0.50
0 0 0 0
.0050 .0058 .0081 .0041
.0100 .0082 .0115 .0058
.0200 L0116 .0163 .0082
.0400 .0163 .0231 0115
.0600 .0200 .0283 .0141
.1200 .0283 .0400 .0200
.2000 .0366 L0517 .0259
.2800 .0432 .0612 .0306
.3600 .0490 .0694 .0347
.4400 .0542 .0766 .0383
.5200 .0590 .0834 L0417
.6000 .0633 .0895 .0448
.6800 .0674 .0953 0477
.7600 .0713 .1008 .0504
.8400 .0749 .1060 .0530
.9200 .0784 L1109 .0554
1.0000 .0818 .1156 .0578
n = 0.66
0 0 0 0
.0400 .0103 .0146 0073
.1200 .0215 .0304 .0152
.2000 .0302 0427 .0214
.2800 .0378 .05634 .0267
.3600 .0447 .0632 .0316
.4400 0511 .0722 .0361
.5200 0571 .0807 .0404
.6000 .0628 .0888 0444
.6800 .0682 .0965 .0482
.7600 0735 .1040 .0520
.8400 .0786 1111 .0556
.9200 .0835 .1181 .0590
1.0000 .0883 .1248 .0624

a/l

.0366
.0387
.0460
.0511
.0548
.0607
.0689
.0722
.0820
.0892
.0950
.1041
L1113
1174
.1226

.0100
.0141
.0200
.0283
.0346
.0490
.0633
0749
.0849
.0939
.1021
.1097
L1167
.1235
.1298
.1358
.1416

0179
.0372
.0523
.0655
L0774
.0885
.0989
.1088
.1182
.1273
.1273
1447
.1529

a/b =3.0

b/

.0122
.0129
.0154
L0170
.0183
.0202
.0230
.0241
0273
0297
.0317
.0347
L0371
.0391
.0408

.0033
.0047
.0067
.0094
L0115
.0164
L0211
.0250
.0283
.0313
.0340
.0366
.0389
.0412
.0433
.0453
.0472

.0060
.0124
.0174
.0218
.0258
.0295
.0330
.0362
.0394
.0424
.0454
.0482
.0510




x/1

.0400
.1200
.2000
.2800
.3600
.4400
.5200
.6000
.6800
7600
.8400
.9200
1.0000

.0400
.1200
.2000
.2800
.3600
.4400
.5200
.6000
.6800
.7600
.8400
.9200
1.0000

.0400
.0800
.1200
.2000
.2800
.3600
.4400
.5200
.6000
.6800
.7600
.8400
.9200
1.0000

TABLE 1.- DESIGN BODY ORDINATES ~ Concluded

a/b=1.0

a/l

.0082
.0186
L0273
.0352
.0425
.0494
.0560
.0623
.0684
.0744
.0802
.0858
.0914

.0040
.0120
.0200
.0280
.0360
.0440
.0520
.0600
.0680
.0760
.0840
.0920
.1000

.0098
.0161
.0216
.0312
.0396
.0469
.0534
.0592
.0646
.0695
.0738
0773
.0800
.0814

a/b=2,0 a/b = 3.0
a/l b/l a/l b/l
n=0.75
o] 0 1]
.0115 .0058 .0141 .0047
.0264 .0132 .0323 .0108
.0386 .0193 .04173 .0158
.0497 .0249 .0609 .0203
.0601 .0300 .0736 .0245
.0698 .0349 .0855 .0285
.01791 .0396 .0969 .0323
.0881 .0441 .1079 .0360
.0968 .0484 .1185 .0395
.1052 .0526 .1289 .0430
.1134 .0567 .1389 .0463
1214 .0607 .1487 .0496
.1292 .0646 .1583 .0528
n = 1.00
0 0 0
.0057 .0028 .0069 .0023
.0170 .0085 .0208 .0069
.0283 .0141 .0346 L0115
.0396 .0198 .0485 .0162
.0513 .0254 .0624 .0208
.0622 .0311 .0762 .0254
.0735 .0368 .0901 .0300
.0848 .0424 .1039 .0346
.0962 .0481 1178 .0393
.1075 .0537 .1316 .0439
.1188 .0594 .1455 .0485
.1301 .0650 .1593 .0531
1414 .0707 L1732 .0577
Minimum-wave-drag body
0 0 0
.0139 .0070 .0170 .0057
.0228 .0114 .0279 .0093
.0305 .0153 .0373 .0124
.0441 .0221 .0540 .0180
.0560 .0280 .0686 .0229
.0663 .0332 .0813 .0271
.0775 .0388 .0924 .0308
.0837 .0419 .1025 .0342
.0913 .0457 1119 .0373
.0982 .0491 .1203 .0401
.1043 .0521 .12178 .0426
.1093 .0542 .1338 .0446
.1131 .0565 .1385 .0462
.1151 .0575 .1410 .0470

11



12

Moment center ——

n=.66

(al n =0.25 0.50, and 0.66.

Figure 1.,- Drawings of the various models tested.



Yb =3.0
ﬂ/b =20

asp s 1.0

Moment center

Minimum drag body

(b} n =0.75 1.00 and minimum-wave-drag body.

Figure 1.- Concluded.
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n = 0.66 n=0.75

(a) a/b = 1.0.

Figure 2.- Photographs of the models tested.

n = 1.00

Min.

drag

L-65-2660



n = 0.25 n = 0.50 n = 0.66 n=0.75 n = 1.00 Min. drag

(b) a’b = 2.0. 1-65-2658

Figure 2.- Continued.
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&

dre,

n=0.75

-65-2659

=3.0.

c) a/b

Figure 2.~ Continued.




a/b = 3.0, no 0.25

(d) Two typical models mounted in the tunnel.

Figure 2.- Concluded.

L-65-689

17



|
i
!
|

I

- —=es=EE == = e
= - - =55 ==
e s =
=== M,W.MWM.HWWM, ===
i N e e e = ==
E

EEsSc=E=s 0

qu!! 10l ) e
(LB Al 1 LA

I A R ETIA i

= . e
== = 1)
== = T s Sl b =
e M = === === =
e TR e e =y =% - IH.I-‘.HW‘UIH‘/‘H e
= = i — - "
E e =t =t PSS e
=== == === ON=T N = ==
=== === e e S S T i g S
[ = = - — T —_ < 3
‘ S==E =5 === i == i
L S = = e e e e e
e e S R Ca = = == X e e
B e = == Bl SEE RSN
o=t = e e = EE=SE s
I e e e e e e e e e e =L e e e e N
R e e e e T e EeaE R
=== um_TmH«_lem:mW._.H“wMWlﬁ D e A SR = £ EELtEs ~
JE] Sro tooid rie] Sewtpotns i et o e e e e e Sy e gy ! = = .
s == B it =
e S SEeE =SS ES Mﬂfnim : i
= e
[ ] <t
o —
o o

.032
030
.028
.026
024
.022
.004
002

with /L.

4

x/

{a) Variation of SCTOSS/IZ
Figure 3.- Geometric characteristics of each of the bodies tested.

18



-
=

.50

Swet
12 L4010

.30

.20) | el

{b) Variation of various geometric parameters for each of the bodies, including the theoretical minimum-wave-drag
body, with the power-body exponent n.

Figure 3.- Concluded,



o * o
L) ™ o —- ™ o — — o
1 [} 1 . 1 1 1 _.
= === e
o
== (D = —
i f—
N = (]
= e === o2
" Wﬁ. n = = = N
=y E; ==
== == = =
= <t

ra

|

T’n

A
Al

!

|

Ly
ihegh
l
-
t
16

W == = [flwn”ﬂmm =
B = mmrw = =k [oe)
: S
e l'tl”& = A —
o M e <
N O W e = =
N D O n W ..m % & = = =
Ny — Sty = i =P
=
o
2 = , o
oD <doDn U m - = EE
i n & ; n
= =
L == %Lll
1 Cp I 1 ' cp A . o
Q

a,deg

(a) a/b =10
Figure 4.- Variation of base pressure coefficient with angle of attack,

20



2
Cp
- - 2

]

T

3.96

i

== e M SR = E g =

- . = 3 =

= == S=E=; s = W = ==

o o e i o e N R W E = M == e ==

meult.u M-HMMM_“FWVW = == == == =5 — =—r= Ln =
E=E=== £ =—" == 5 = == A-
= — = ———

==t = = = S Se=— =

00 S

e

= e 5
Dotk el R ===
= J‘“I === m = %

28 32

24

16 20

12

a,deg

(b) a/b = 20.

Figure 4.- Continued.

21



n

= —h
W[WM.H e HWH;HHH,H%#A_MHHI —

= qﬂm

il

25

50

.66

75

1.00
Min.drag

oo aonDn

i

8

il

a

Lt

|
i
4

L Fyesl

At
i

i
0

R

1.90

Al

M

111

il
8

a,deg

=3.0.

(c) a/b

Figure 4.- Concluded.

22



3sitd

T

[

]
T

i
ul
Il

!

il

28

24

:
[1Iim

20

16

it

R NAp = S s
= %Wﬁx - = = SN = ==
L SN S o =

R

12

a,deg

(@ Cp as a function of a.

== EEEm e N
0 = =
~ = = ===
<0 SRR
o e
- === -
EElEs W- = Wr‘\.W.HM.

CL

Figure 5.- Longitudinal aerodynamic characteristics of power-law bodies and minimum-wave-drag body

having variations in ellipticity at a Mach number of 1.50.

23



% o = = e
3 = N\ == = ==
R 3 = === : == ¢ = =
.. S e w m.nlﬂ.wu.\ﬁuww...nwniy =t E5TE mw = ;HH”WM\‘ ==
T =tA =l e = e = = e e

y,

ﬂ»l\m == SN : = =

||wlww1ww

a,deg

Figure 5.- Continued,

(b) Cp as a function of a.

== -ILALZ.. ; TR === E m
L.z a1 rr— T gty P P e &
T =
e SRR = — e e S e
= nlﬂ..'“ e 4’|y>H$N‘I|IIrH|WHHI =X = o
E= L TiE=T u.l..f@ e R e == —
== e ar m e = s
== e e e 3
— == = ——=—=— = ==
=R ST o] === =
g =y - == === " Sdr
E i e B 1 e el e e e e : = =
E=t=r SR I e e = = = E =
= = B e e e e === S
L. =3 R S S | £ £ M o e e ey g - m =
[ = e = = = =
i == e e i S
=== ==
g =L |
-

Cp
Cp

24



[33HtEs

1t

28

a/b = 1.0

a/b = 3.0

HHH

i bt

TR

(T i sEeEi s,

H

il

+

S

i

Hi

MJT{'%
|

Il

il

32

16 20 24

12
a,deg

(c} L/D as a function of a.
Figure 5.- Continued.

25



%)
© < o ™
o o =) o
] o
)
o
f = . —_— = ==
~
@ e == " %
b -
S = =
«
= «
= ==
i i 3 EF
R 1l e —==I =
[ X
= -
fH 3] = _ =
% =i
= oy
7 : i
L
NO VIO T =
ANDOM~O E Goe
- c =Y =2 =%
— = 1 R
= = g m, ——
0O0<QOND O i
e T == = ==t
=

T

.08

R

.06
.04

A

.08

o,deg

(d) Cp as a function of a.

Figure 5.- Concluded.

26



32

28

24

20

== SEEE®
=)
. ©
i [ 5
N O WM O T-
C NN OM~O
« 88 e e = =<
- c
M\
ono0donh 0 o
="
Tl [}
it
iy i
i) tagEEsy e ©
0 < ™ iy

o,deg

(a) CL as a function of a.

Figure 6.- Longitudinal aerodynamic characteristic of power-law bodies and minimum-wave-drag body

having variations in ellipticity at a Mach number of 1.90.

27



=== e e T e e wlnllium rr]
i
== = = —=

A
i’ F,;:-

i

il
il

it

i

i
il

i

i

i
i

i

|

T e

il

]
Tl

1

ki

HI
!

32

hi IM

|
i

I
i

T (T

m”ﬂ

a/b = 2.0

.1

hn
RE

T TR

o,deg

(b) Cp as a function of a.
Figure 6.- Continued.

28



fiil

tH

TS

T

AT

24

i

Hin
I

T

I

20

T

B R

t

16

: e

12

HE

il

A [T AR TR

,deg

o

{c) L/D as a function of a.
Figure 6.- Continued.

29



I
1

Myss

1N

[

s

R

a/b = 3.0

T

.08
.06

.08}
.06
.04

.02

) Cp, as a function of a.

Figure 6.- Concluded.

30



T
I

"
[

i

I

i

il
All

i

e sl

'sh

;
i

=

31

o,deg
(@ € as a function of a.
Figure 7.- Longitudinal aerodynamic characteristics of power-law bodies and minimum-wave-drag body
having variations in ellipticity at a Mach number of 2.36.
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Figure 8.- Longitudinal aerodynamic characteristics of power-law bodies and minimum-wave-drag body
having variations in ellipticity at a Mach number of 2.86.
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Figure 14.- Variation of xcp/1.
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